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INTRODUCTION 


Selective  fluorination  of  organic  compounds  by  xenon  difluoride  has 

become  well  established  in  recent  years^.  The  research  at  Frank  J.  Seller 

has  been  centered  on  using  boron  trifluoride  etherate  or  light  to  catalyze 
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or  initiate  fluorlnatlons  by  XeF^  ’  .  The  Intent  of  this  project  was  to 
use  XeF2  as  a  means  of  fluorinating  energetic  nitroaromatlcs  such  as  tri¬ 
nitrotoluene  (TNT)  by  substitution  on  the  aromatic  ring  (as  opposed  to  the 
methyl  group  protons) . 

The  replacement  of  hydrogen  by  fluorine  in  energetic  compounds  generally 
Increases  the  thermal  stability  of  these  compounds,  their  density,  and 
their  oxygen  balance.  This  leads  to  Improved  energetic  properties  of 
these  compounds.  Since  the  energy  released  during  a  detonation  is  propor¬ 
tional  to  the  square  of  an  explosives’  initial  density,  higher  initial 
density  allows  more  energy  release  during  detonation.  Also,  since  many 
munitions  are  volume  limited  for  explosive  capacity,  a  higher  density  would 
allow  a  greater  amount  of  explosive  to  be  loaded  in  the  volume  in  a  muni¬ 
tions  item.  Studies  of  munitions  carried  externally  at  supersonic  speeds 
(TAF-ROC-306-75)  have  shown  the  need  for  energetic  materials  with  increased 
thermal  stability. 

Because  of  its  wide  use  in  munitions,  TNT  seemed  a  good  candidate  to 
begin  with.  Unfortunately,  as  will  be  discussed  later,  this  was  not  the 
case. 

EXPERIMENTAL 

XeF2  was  prepared  by  slight  modification  of  the  high-pressure  merrury 
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arc  lamp  irradiation  technique  .  The  boron  trifluoride  etherate  (Eastman 
Organic  Chemicals,  practical  grade)  was  vacuum  distilled  to  a  colorless 


liquid  prioi  in  u  >.  .  '  i'  n,  ’  . ,  -  •  p  m  i.ji- .  i  i  iit  (pinramide)  were 
prepared  according  to  ;'ul) !  i 'uil  pi  -d,  Hcxaiu.  and  methylene  chloride 

were  distilled  from  NaOil  lored  ove:  ■'».'»  moletular  sieves  while  ace¬ 
tonitrile  u  is  distilled  from  pi  ■  'r  •  -  terlng  over  4A  molecular 

sieves.  p-NiLiei  olneiiii  iKasiiaa  t,  i  .  i.,  ,  ij-.l  iiii  tro  toluene 

(  Aldrichl  and  d ,  4-di:i  i  i  rotoi  uene  (Mathes  n  Co  e-ian  :.T*d  Bell)  were  used  as 
received  withonr.  further  nui  i  ication.  oie'nyl  ether  (Mallinckrodt  AR) 
was  distilled  i  rom  I-;il  -  ,  ,  n-pheiioac  prtor  to  use  and  I’Cl^  was 

distilled  f  r(v  .  I-  rn,'  tertd  over  ';  ■>  -no  1  ■■cular  sitves. 

Storage  and  manifuilaL  ion  of  Xel'.,  wen  done  in  a  drv  box  witli  a  puri¬ 
fied  nitrogen  a  trio  inhere  kef't  at  less  riian  10  ppm  lombined  and  0^. 

Mass  spectra  were  recorded  on  eitlutr  a  dul’ont  .'l-AQl  dual  beam  mass  spec¬ 
trometer  or  Hewlett  Packard  5^9(!A  or  SPSA  CC  mass  .spectrometers.  NMR  spectra 
ore  recorded  on  a  Varian  i -oO  spn  ;  imetei . 

2-f luoro-4-nitvoto  1  uoni  .  Xof  i  .!!;',.  i  .  77)  mrol  and  ji-ni trotoluene' 

'0.12g,  0.88  mmol)  were  weighed  inic'  i  >  i.ii  rt'und  l-  .ttom  flask  in  the  dry 
box,  cooled  to  O^C  .ind  :r’  of  t;il.,C]  ,  was  added.  Stirring  was  begun  and 
the  solid  matei'ials  dis-solveti  to  .giti  .i  coUirn'Ss  silution.  BF^-0Ft2 
(  .  !.  ml,  .81  mino  L ;  wa.s  flien  addoti  sl.owlv  vi.i  syringe  and  the  solution 
itnni’d  i.ately  took  on  a  lemon  yellow  color  which  d.:i!  ned  during  the  next  10 
minute.s.  The  reaction  was  allowed  to  pro  o.  ■  o'\:  ;  or  1.5  hours  and 

then  at  room  ; u  niperature  (RT)  for  3  more  sours.  A:  this  time,  an  aliqvof 
was  taken  frir  an.iivsis  Vis  chri'm.itosi -.i  'V  ,  .s  siiec  f  roraetry  (iV/.'-'S). 

Based  on  the  srcitra,  f- !  I  ir- ro-  i-n  i  t  i  oi  o  I  ■  one  w.-s  tv  main  product  present 
(70%  yield)  '. 

Attempt  to  tlui>iin..  .  .  if-d  in  i  i  :  oi  m,-  ( ,  h-ONl')  .  XeF.,  (0.2g, 

1.2  mmol)  on'  J  ,  h-d  i  n  i  '  ’■o  I  o  I  ■  i.-ne  ( '  I'  O'  i  wcirjiei!  into  a 


50  ml  round  bottom  flask  in  the  dry  box.  25  ml  of  acetonitrile  was  added 
to  dissolve  the  solids,  giving  a  colorless  solution.  The  BF2"OEt2  (.15  ml, 
1.23  mmol)  was  injected  and  the  reaction  solution  gradually  turned  yellow 
accompanied  by  the  evolution  of  gas.  After  stirring  for  3  hours  at  RT,  an 
aliquot  was  taken  for  analysis  by  GC/MS.  The  only  compound  detected  was 
2,6-DNT.  The  reaction  was  then  refluxed  for  two  days,  but  analysis  by 
GC/MS  still  revealed  only  2,6-DNT. 

Attempt  to  fluorlnate  2 ,4-dinitrotoluene  (2,4-DNT).  XeF^  (0.49g, 

2.87  mmol)  and  2,4-DNT  (.25g,  1.37  mmol)  were  weighed  into  a  50  ml  round 
bottom  flask  in  the  dry  box.  This  flask  was  removed  from  the  dry  box, 
cooled  to  0®C  and  25  ml  of  CH2CI2  was  added.  The  solids  dissolved  upon 
stirring  to  give  a  colorless  solution.  BF^'0Et2  (0.16  ml,  1.4  mmol)  was 
added  dropwlse  via  syringe,  which  caused  the  solution  to  turn  yellow 
almost  immediately.  The  reaction  was  warmed  to  RT  and  allowed  to  stir 
for  2  days.  Analysis  of  an  aliquot  by  GC/MS  indicated  that  the  only 
species  present  in  solution  was  2,4-DNT. 

9 

Reaction  of  TNT  and  XeF2.  Type  I.  In  a  typical  reaction  ,  XeF2 
(0.45g,  2.64  mmol)  was  weighed  into  a  50  ml  round  bottom  flask  in  the  dry 
box,  15  ml  of  diethyl  ether  was  distilled  onto  the  XeF2  and  the  mixture 
was  cooled  to  0®C  with  stirring.  TNT  (0.3g,  1.32  mmol)  was  weighed  into 
another  round  bottom  flask  and  20  ml  of  diethyl  ether  was  added  and 
stirred  until  the  TNT  dissolved.  The  TNT  solution  was  transferred  into 
the  XeF2  solution.  Then  0.22g  (1,55  mmol)  of  BF2-OEt2  in  5  ml  of  diethyl 
ether  was  added  dropwlse  from  an  addition  funnel  to  the  reaction  solution 
The  clear  colorless  reaction  solution  was  stirred  at  0°C  for  three  hours 
during  which  time  it  had  become  pale  yellow  in  color.  The  reaction  was 


then  warmed  to  RT  oik!  irr  ,:  >  iioor.  An  aliquot  examined  by  GC/MS 

was  found  to  contain  only  J  i  .  Stirring  continued  during  which  time  a 
black  precipitate  began  to  form  with  the  solution  darkening  noticeably. 

After  stirring  for  48  hours  the  reaction  solution  was  again  examined  by 
GC/MS  wti  ich  revealed  only  TNT  prose  n  solution  (ft  should  be  noted  that 
a  very  small  peak  of  0.77-  abundance  and  m/e  of  281  did  appear  in  the 
spectrum).  The  reaction  solution  was  liltorod  and  the  black  precipatate 
was  washed  thoroughly  with  acetone  and  dried.  The  amber  acetone  washing 
was  evaporated  until  a  nrown  solid  remained.  Examination  of  both  the 
brown  and  black  solids  by  NMR  revealed  only  TNT  present  as  well  as  some 
material  containing  an  ethyl  moiety. 

Reaction  of  TNT  and  XeF^.  Type  FI.  XeF.^  (0.2g,  1.18  mmol)  was  dis¬ 
solved  in  10  ml  of  CH^CN  in  a  two  neck  round  bottom  flask.  A  N^  inlet  was 
coupled  to  one  neck  and  an  addition  funnel  cent.. i.ning  TNT  (.14g,  0.6  mmol) 
dissolved  in  15  ml  of  CH.^CN  was  .  ;  upaed  to  tl^e  other  neck.  This  apparatus 
was  irradiated  for  two  miicitf  s  by  a  •-...itt  Hanovia  mercury  lamp.  Then, 
with  irradiation  continuing,  the  T.N'T/CH^C.h  solution  was  added  dropwlse 
slowly  to  the  XeF„/Ch„CN  solution  witli  stirring.  Irradiation  continued  for 
1  hour.  At  this  point,  an  aliquot  was  t.-^keu  for  examination  by  GC/MS.  The 
spectrum  revealed  that  only  TNT  wa.s  preswtt  in  the  solution. 

•'.eaction  of  TNT  and  XeF^.  Type  III.  '.i  F„  'O.ig,  1.77  mmol)  and  TNT 
(0.2g,  0.8^'  rmol)  were  weiglicd  into  .i  ml  round  lottom  flask  equipped  with 
a  small  glas.s  inlet  tube  fitted  witli  .a  ru:  lici  septum.  This  flask  was 
immersed  in  an  oil  batli  at  100‘’C  and  stirring  was  begun  of  the  ran!  ten 
reaction  mi.cf.urc.  ('2.1 2g,  0.84  mmol)  was  iniocted  through  the 

septum.  The  reaction  turned  very  d.irk  brown  immediately.  After  stirring 
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at  100’’C  for  3  hours,  a  small  amount  of  the  reaction  mixture  was  taken  for 
analysis  by  GC/MS.  The  only  identifiable  compound  present  in  significant 
abundance  was  TNT. 

Reaction  of  XeF^  and  picramlde.  ^^^2  mmol)  and  picramide 

(O.lg,  0.44  mmol)  were  weighed  into  a  50  ml  round  bottom  flask.  25  ml  of 
acetonitrile  was  added  and  stirring  begun.  The  solids  dissolved  to  give 
a  yellow  solution.  BF^-OEt^  (0.07g,  0.5  mmol)  was  syringed  in  and  the 
reaction  turned  golden  Immediately  and  the  evolution  of  gas  bubbles  was 
observed.  After  stirring  for  3  hours  at  RT,  an  aliquot  was  taken  for 
examination  by  GC/MS.  The  only  substance  detected  was  picramide 

RESULTS  AND  DISCUSSION 

Fluorination  of  nitroaromatics  by  XeF^  worked  well  when  one  nitro  group 
was  present.  However,  the  presence  of  two  or  more  nitro  groups  on  the 
aromatic  ring  resulted  in  the  starting  organic  compound  bein;  ‘eft  essen¬ 
tially  unreacted.  This  can  oe  aitrihuted  to  the  strong  deactivating  effect 

* 

that  the  nitro  group  has  towards  electrophilic  aromatic  substitution. 
Apparently,  two  or  more  nitro  groups  leave  the  ring  essentially  unreactive 
towards  fluorination  by  XeF2. 

Fluorination  of  £-nitrotoluene  proceeded  fairly  smoothly,  giving 
2-f luoro-4-nitrotoluene  as  the  major  product  in  70%  yield  (by  mass  spectral 
analysis).  All  attempts  to  fluorlnate  2,6-  and  2 ,4-dinitrotoluene  failed. 
It  should  be  noted  that  in  one  reaction  with  XeF^  and  2 ,4-dinitrotoluene ,  a 
small  peak  (less  than  2%  abundance)  was  observed  in  the  GC/MS  which  might 
be  attributable  to  a  fluorinated  dinitrotoluene . 

Numerous  attempts  to  fluorinate  TNT  met  with  consistent  failure,  even 
under  fairly  harsh  reaction  conditions.  There  was  no  evidence  in  any  of 
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the  GC/MS  data  that  :  ’in.!' id  i .% !  .ini  been  formed.  Some 

mass  spectra  data  from  ..  lyp--  11  •  r<  ■-  '  ^ ted  that  a  small  amount 

of  a  compound  was  formed  whtrf  a  fluoride  had  replaced  a  nitro  group  on 
the  ring.  No  attempt  was  madi'  to  isolate  this  due  to  the  small  amount 
present  in  solution. 

An  attempt  was  made  to  increase  tiie  reactivity  ol  the  ring  by  using  a 
substituent  more  activating  than  the  methyl  group.  In  this  vein,  picramide 
was  tried  instead  of  TNT,  however,  it,  as  was  the  case  with  TNT,  failed 
to  be  fluorlnated  by  Xe!'..,. 
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